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Based on their compiled data set of ten extinction episodes (four of which had no known extinction rates), 
Rampino et al. (2020) claimed a 27.5-My period in non-marine-tetrapod extinctions. I reassessed that claim 
using the Gauss–Vaníček spectral analysis (GVSA), which revealed spectra of extremely low fidelity 
(mostly << 1) dominated by the Earth’s axial precession, without 99%-significant periods, but with 
hundreds of 95%-significant periods unrelated to the extinctions and the claimed period.  Therefore, the 
data are physically nonsensical as far as any underlining cyclicity is concerned.  The analysis did not reveal 
the claimed period in any band, at either 99% or 95% significance, so the claimed period is a ghost due to 
intermediary astronomical forcing of highly gapped data sampled arbitrarily and processed with inapt 
techniques.  Thanks to the GVSA’s absolute accuracy, and insensitivity of non-marine data to the ocean-
tidal component, I present remarkable proof that very long periods such as ~9 My (~27 My), ~11 My (~22 
My), and ~33 My (~66 My), previously claimed in extinction data sets, have a common astronomical origin. 
They primarily arise due to the Earth’s axial precession, enforcing of which then is a must in paleostudies. 
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Introduction 
 
Based on data they had compiled from selec-
ted sources, Rampino et al. (2020) claimed 
a P = 27.5 My periodicity in non-marine tet-
rapod extinctions. Their compiled data set 
consisted of ten extinction episodes spanning 
290 My or just about one galactic year; see 
Table 1, ibid. The authors have sampled their 
data highly arbitrarily so that 40% of the data 
had unknown or undeclared extinction rates. 
At the same time, they have included only ex-
tinction pulses with ~10%+ loss of tetrapod 
families in the data set. To examine the data 
set for periodicity, ibid. have used the Fouri-
er’s and circular spectral analysis (CSA) me-
thods. 
 

Here reassessed are the ten non-marine ext-
inction events from Table 1 of ibid., which 
the lead author has confirmed and also furni-
shed the data set that ibid. had spectrally ana-
lyzed — but which contained 88 values along 
a gapped time scale (M.R. Rampino, personal 
communication, 22 December 2020 – 8 Janu-
ary 2021). The lead author then retracted that 
data set, claiming that he had sent it by mista-
ke, but then failed to provide the allegedly ac-
tual data set that they had spectrally analyzed 
in support of their 2020 claim of the 27.5-My 
period in ten non-marine extinctions. Thus, 
their claimed period could be due to a blun-
der. 
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Methodology 
 
The previous claim of the same period but 
from crater impacting, made by Rampino and 
Caldeira (2015) using the CSA, has been dis-
puted based on adverse effects that clustering 
produces in the CSA as applied to gapped re-
cords of natural data sets, by Meier and Ho-
lm–Alwmark (2017). Furthermore, Rampino 
and Caldeira (2015) had declared their world-
view in which they deem 13 values insuffi-
cient for spectral analyses (“…using Fourier 
analysis on only 13 crater ages, found a 28.4 
Myr peak…”), but then went on to analyze 
and declare the same peak from even fewer 
values in their 2020 study. 

Since Rampino et al. (2020) had also atta-
ched a physical meaning to their claimed pe-
riod, I here analyze the raw compiled data 
only and thus stay as close as possible to the 
physics implications of my result, if any. This 
approach means that I do not apply any pre-
processing of data or post-processing to enh-
ance spectra, as done by some. Also, I use a 
different method for spectral analysis to exa-
mine the spectra at both 99%- and 95%-signi-
ficance levels. 

Specifically, to verify the claimed 27.5 
My period, I use the Gauss–Vaníček method 
of spectral analysis (GVSA) by Vaníček 
(1969, 1971).  The GVSA belongs to the lea-
st-squares class of spectral analysis techni-
ques, has many advantages over the Fourier 
class of spectral analysis techniques in ana-
lyzing sparse natural data of long spans (Pre-

ss et al., 2007), has proven itself in analyzing 
gapped extinction records (Omerbashich, 
2006), and provides total accuracy in extract-
ing periods from sets of natural data sets — 
down to the prescribed accuracy of analyzed 
data themselves (Omerbashich, 2007; 2019a; 
2019b).  The minimum number of values that 
the GVSA can estimate spectra from is 3. 

For easier understanding, an extinction 
percentage rate on each of the ten non-marine 
extinctions has been uniformly expressed — 
here in terms of a fictitious 1000-sample sur-
vivals bin so that, for example, a 20% genera 
extinction rate is represented by the number 
800 (of “survivals”). Undeclared extinction 
levels were taken at the median rate and thus 
represented by the number 500, which is an 
arbitrary choice here used to illustrate the in-
aptness of the data, so it does not matter whe-
ther this choice is 10, 25, 50, 75, or anything 
else because no one knows what those extinc-
tion levels are in reality so that any guess is 
equally unreliable. Namely, this study conc-
ludes by showing that the six remaining valu-
es with declared extinction rates are at least 
as reliable when taken alone (revealing fami-
liar very long periodicities previously claim-
ed in paleostudies) as when expanded by the 
four said events with undeclared extinction 
rates.  Note here that the GVSA produces the 
same results whether one uses percentages or 
sample bins consistently.

 
 
 
Results and Discussion 
 
Allowing for relatively high 50%-extinction 
rates on all four events that lacked a declared 
extinction level (end-of-Jurassic, mid-of-No-
rian, end-of-Carnian, and end-of-Guadalupi-

an), the only 99%-significant periods found 
in the full band (0.02–145 My) were imprints 
of astronomical cycles unrelated to extincti-
ons, Table 1.
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Period Pi 

[years] 
Fidelity 

 
Magnitude 

[var%] 
Notes 

 

863,640 1.3∙10-3 89.98 
 
precession modulation (vanishes after enforcing precession) 

24,450 1.1∙10-6 92.87 
 
Earth's precession of ~26,000 yr, as reflected in the data 

21,230 8.0∙10-7 90.74 
 
precession split (vanishes after enforcing precession) 

 
 
Table 1.  The 99%-significant periods in the 0.02–145 My full band, from the Gauss–Vaníček spectral analysis 
(GVSA) of the Rampino et al. (2020) compiled ten non-marine extinction events spanning one galactic year (here 250 
My). Survival rates on 4 of 10 extinction events of unknown or undeclared extinction rates fixed at 50%. 
 
 
 
 
 
 
 

Enforcing (removing) the Earth's axial 
precession period, Table 1, from the raw (un-
weighted, no preprocessing, no zero-paddi-
ng) survival data in the full band returned no 
99%-significant periodicity. There were 
95%-significant peaks, the longest 3.88935-
My at 90.02 var% and statistical fidelity of 
weak 0.027 — where usually 12 or more cha-
racterizes a physical process (Omerbashich, 
2006), so those peaks are physically nonsen-
sical.  Enforcing both the precession and mo-
dular 863.4-ky periods resulted in no 99%-
significant periods and an improved albeit 
still physically meaningless spectrum with ei-
ght well-resolved periods significant at the 
95%-confidence level — the longest being 
0.29327-My at 95.78 var% and a statistical fi-
delity of 0.00015. The vanishing of the 0.86-
My period after enforcing the 24,450-yr peri-
od alone, or both of them, has revealed that 
the former period is astronomical as well.  
The physically nonsensical high rate of 95%-
significant periods reflects an overall defici-
ency of the here reassessed data set. 

The same enforcing but in the 5–50 My 
narrowed band used by Rampino et al. (2020) 
has also resulted in no 99%-significant peaks. 
The spectrum somewhat improved, albeit sti-
ll containing 16 physically nonsensical, well-
resolved periods above the 95% confidence 
level, with the longest one of 33.55 My at 
81.63 var% and fidelity of only 0.02. This pe-
riod has missed the claimed period (which 
Rampino et al. (2020) assigned 99% confi-
dence to) by a significantly distinguishing 
22%.  Finally, enforcing both the precession 
and 863.4 ky periods has again resulted in no 
99%-significant periods. The spectrum itself 
featured eight well-resolved periods at the 
95%-significance level, once again rendering 
the spectrum physically nonsensical. Here, 
the 9.31903-My period at a high 98.34 var% 
was the longest. However, a low fidelity, here 
of 0.15 (which at the same time is the highest 
found on any period detected in this study), 
characterizes this period also.
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This analysis did not reveal the claimed 
period in any band at any level of significan-
ce. On the contrary, the longest period detect-
ed after enforcing the astronomical cycles, 
which also happens to be the (insignificantly) 
closest peak to the extinctions episodes, was 
only 9.32 My long. This period could repre-
sent a T/3 base cycle — whose full presumed 
phase, of T = 27.96 My, is then off from the 
claimed period by just 1.7%. In either case, 
the claimed period is a ghost, i.e., unreal 
(physically meaningless). It is one of many 
noise imprints due to intermediary astrono-
mical forcing and deficiencies in processing 
techniques and approaches like sampling ar-
bitrariness, and as such, it cannot be attribu-
ted to any physical phenomena directly. 

When extinction events are assigned wei-
ghts according to the reliability declared in 
Table 1 of Rampino et al. (2020), the GVSA 
returns over 250 significant periods in a 
1000-lines spectrum, further highlighting the 
physically nonsensical nature of the examin-
ed data set. 

It is puzzling why ibid. decided to include 
the alleged extinction levels (with undeclared 
or unknown extinction levels) as such a high-
ly arbitrary intervention on practically half of 
their data set leaves their result open to inter-
pretation. Indeed, excluding the four extinct-
ion events without associated extinction lev-
els from the analysis has resulted in the 
GVSA spectra (of the remaining six non-ma-
rine extinction events over the full band) 
without 99%-significant peaks. There are 14 
peaks at the 95% significance, again domina-
ted by the Earth’s axial precession, and where 
0.86364-My at 99.31 var% with a pale 
0.0013 fidelity is the longest. After enforcing 
the precession period, all 95%-significant 
spectral peaks vanished, meaning the data set 
is dominated strongly by the astronomical pe-
riodicity. Life on Earth does not die out every 
precession cycle, so none of the periods that 
are modulations of each other and the prece-
ssion (so that they vanish with enforcing the 

precession period) can be physically real ei-
ther. Instead, all of the periods founds are im-
prints of astronomical periodicity in some in-
termediary data. In turn, the precession peri-
od’s fidelity serves as a statistical gauge for 
this study so that any other periods whose sta-
tistical fidelity remains within an order of 
magnitude from the precession period’s fide-
lity can be deemed physically irrelevant also. 

Finally, GVSA spectra in the narrow ba-
nd (5–50 My) from the six events with known 
extinction rates also contain no 99%-signifi-
cant peaks. At the same time, nine spectral 
peaks were at the 95%-confidence level; see 
Figure 1. However, they have also vanished 
after enforcing the Earth’s axial precession. 
Importantly, the longest of those nine periods 
were 33.84146-My at 97.31 var%, with a mo-
derate fidelity of 2.0, 11.93548-My at 95.76 
var%, with a low 0.25 fidelity, and 9.63542-
My at 97.79 var%, with a low 0.16 fidelity. 
The complete vanishing of these three peri-
ods after enforcing the precession is one of 
the most remarkable proofs yet that such very 
long periods in extinction records are of inter-
mediary astronomical origin; see Table 2. 

As it turns out, see Table 2, the Earth’s 
precession is the main culprit behind the ~9 
My (~27 My), ~11 My (~22 My), and ~33 
My (~66 My), and their variant ranges that 
appear in the literature periodically (sic). 
Thanks to its remarkable accuracy and preci-
sion, the GVSA of the non-marine extinction 
events was able to decipher these commonly 
reported periods as mutually precisely (math-
ematically) related modulations of each ot-
her, thereby exposing such periods as a phy-
sical system of adynamical astronomical ref-
lections onto intermediary data. For example, 
looking at the nine periods from Table 2, the 
33.84146-My period is just the 8.48624-My 
period quadrupled, or 6.67870-My quintu-
pled, while the 11.93548-My period is simply 
the 7.95129-My period tripled-halved.  Even 
if the data span had exceeded two galactic ye-
ars, rendering galactic-scale physical pheno-
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mena plausible extinction-level events, such 
events still could not be ascribed to an indivi-
dual galactic event. Namely, periods most 
previously claimed in the literature are just 
multiples of some other periods that appear 
as periods in extinctions and other records of 
paleodata. 

 

Once again then, not only that an indepe-
ndent verification could not corroborate the 
claimed period, but adding the four alleged 
extinction events to the data has proven itself 
as detrimental to the overall spectral accura-
cy, while at the same time obscuring the ast-
ronomical dominance as identified to astoni-
shing accuracy from the six most reliable ext-
inction events alone. 

 
 
 
 
 
 
 
 

 
 
Figure 1.  GVSA spectrum of non-marine extinctions over the last galactic year (here 250 My), in var%, the 5–50 My 
band.  Frequencies are in cycles per galactic year (cpgy).  The nine 95%-significant periods are in Table 2.  After 
enforcing the Earth’s axial precession period, all significant periods vanish. 
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Period Pj 
[My] 

Fidelity 
 

Magnitude 
[var%] 

Notes 
 

33.84146 2.00 97.31 
 
reported in literature also as 61-68 My and 120-140 My 

11.93548 0.25 95.76 
 
reported in literature also as 20-25 My 

9.63542 0.16 97.79 
 
reported in literature also as 27-33 My and here as 9.32 My 

8.48624 0.13 96.49 
 
1/4 of P1; reported in literature also as 24-26 My 

7.95129 0.11 98.77 
 
2/3 of P2; reported in literature also as 19-23 My 

6.67870 0.08 95.68 
 
1/5 of P1 

6.49883 0.07 96.50 
 
                2.5% split from P6 

5.41463 0.05 97.32 
 
4/25 of P1 

5.28069 0.05 99.14 
 
                2.5% split from P8 

 
Table 2.  95%-significant periods in the 5-50 My band, from the GVSA of the Rampino et al. (2020) compiled six 
non-marine extinction events spanning barely one galactic year, where all six events are of known extinction (survival) 
rates. All nine periods, previously reported in the literature as the proof of galactic causes of periodic mass extinctions, 
vanish upon enforcing the Earth’s axial precession, Table 1, demonstrating that all are illusory periods without direct 
physical meaning.  Non-marine extinction events are particularly suitable for this type of analysis due to their 
insensitivity to the ocean-tidal component as the most dominant systematic background content of the signal in 
paleodata records.  Thanks to the absolute accuracy and internal precision of the GVSA, non-marine data for the first 
time reveal the complete story behind the commonly reported very long (on the order of My) periods in paleodata, 
exposing all such periods as mutually precisely (mathematically) related, and therefore just a reflection of astronomical 
forcing in intermediary data.  Note here that insufficient data coverage (span) is the primary reason why the GVSA of 
the six non-marine extinction events in the full band did not reveal periods longer than 0.86364-My. 
 
 
 
Conclusions 
 
The non-marine extinctions data, here reasse-
ssed using the Gauss–Vaníček spectral analy-
sis (GVSA), were found to be of extremely 
low time-resolution (heavily gapped), arbi-
trarily compiled, of unworkable correlations 
along with overall trivial statistical fidelity, 
and containing no systematically discernable 
physical meaning other than astronomical 
forcing commonly seen affecting intermedia-
ries of paleodata sampled.  Consequently, the 
GVSA, as a technique impervious to data sp-
arseness, was able to extract overburdened 
spectra only, rendering the examined data 
useless for paleostudies.  Additionally, since 
the data span barely exceeded one galactic 
year, galactic-scale phenomena could not be 

invoked as a cause of periodic extinctions; 
data should span at least two galactic years 
before such phenomena could become credi-
ble. 

Very long periodicity in paleodata, previ-
ously claimed in the literature, such as ~9 My 
(~27 My), ~11 My (~22 My), ~33 My (~66 
My), and their variations are modulations of 
the Earth’s axial precession primarily.  Ther-
efore, the Earth’s precession period(s) must 
be enforced in spectral analyses of paleodata 
as a standard procedure to make the said peri-
odicities vanish before making any conclusi-
ons on physical phenomena causing periodic 
mass extinctions.
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